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1
ENHANCED ACCESS CHANNEL MASKS FOR
XHRPD

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a 37 C.F.R. §1.53(b) continua-
tion of co-pending U.S. patent application Ser. No. 13/227,
690 filed on Sep. 8, 2011, which claims the benefit of U.S.
Provisional Application No. 61/386,912, filed on Sep. 27,
2010. The entire contents of all these applications are hereby
incorporated by reference.

BACKGROUND

In the related art, certain methods related to performing
access channel procedures were problematic due to being
susceptible to inter-cell interference which might make it
difficult to differentiate between distinct access channels. As
such, the related art technologies do not sufficiently address
such issues, and thus do not offer appropriate solutions.

SUMMARY

The present inventors recognized at least the above-iden-
tified drawbacks of the related art. Based upon such recogni-
tion, the various features described hereafter have been con-
ceived such that certain methods related to performing access
channel procedures are more efficiently and effectively per-
formed. In particular, the embodiments in the present disclo-
sure provide an enhanced method for generating masks for
Pseudo-Noise (PN) quadrature covering in a so-called
xHRPD (eXtended cell High Rate Packet Data) system,
wherein the network and user devices support both LTE
(Long-Term Evolution) and xHRPD dual mode operations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an exemplary reverse channel structure in
xHRPD.

FIG. 2 shows a table with formats that the Access Channel
physical layer packets shall use.

FIG. 3 shows an example of a physical layer packet having
a MAC layer packet and a Frame Check Sequence.

FIG. 4 shows a table that summarizes the modulation and
packet format information for the Access Channel.

FIG. 5 shows a conceptual diagram of a transmission chain
for the reverse access channel.

FIG. 6 shows a conceptual diagram for Pseudo-Noise (PN)
quadrature covering blocks with an upper block that is a
generator for PNI and a lower block that is a generator for
PNQ.

FIG. 7 shows an example for the generation of MI and MQ
masks using a permutation method for the Access Channel
long code masks M1, -/, and MQ , -, €ach composed of
three parts: a fixed preamble, an Access Cycle Number and a
permuted sequence of color code and L.SB of sector ID.

FIGS. 8A and 8B show another example for the generation
of MI and MQ masks using a permutation method for the
Access Channel long code masks ML, 1., and MQ oy

FIG. 9 shows two examples for 6-bit and 8-bit extensions
of channel number in the generation of MI and MQ masks.

FIGS. 10A and 10B show a further example for the gen-
eration of MI and MQ masks using a permutation method for
the Access Channel long code masks MI, ., and
MQ ,caz4c that also considers the permuted color code and
the sector ID part.
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2

FIGS. 11A and 11B show an exemplary final version of the
generated MI and MQ masks.

FIG. 12 shows an exemplary signal flow and procedures
between a handset and network that can implement the
embodiments described herein.

FIG. 13 shows exemplary structures for a handset and
network that can implement the embodiments described
herein.

DETAILED DESCRIPTION

The inventive concepts and features herein are generally
explained in terms of 3GPP, 3GPP2, LTE, xHRPD, and M2M
technologies. However, such details are not meant to limit the
various features described herein, which are applicable to
other types of mobile and/or wireless (radio) communication
systems and methods.

Some preliminary terminology will be explained. A so-
called Access Network (AN) refers to network equipment
providing data connectivity between a packet switched data
network (typically the Internet) and the access terminals. An
access network is equivalent to a base station in other techni-
cal specifications. A so-called Access Terminal (AT) refers to
a device providing data connectivity to a user. An access
terminal may be connected to a computing device such as a
laptop or personal computer or it may be a self-contained data
device such as a personal digital assistant or smartphone. An
access terminal is equivalent to a mobile station in other
technical specifications.

Next, the basic concepts related to extended cell high rate
packet data (xHRPD) technology will be described. EV-DO
(Evolution-Data Optimized) is a popular name of the 3GPP2
standard 3G air interface for high-speed data. The technical
specification calls it High Rate Packet Data, or HRPD.
Recently, a new system enhancement from existing HRPD
has been made to allow it to perform better in limited link-
budget environments, such as in satellite and/or machine-to-
machine (M2M or Machine-Type Communication: MTC)
applications. The new system is called EXtended Cell High
Rate Packet Data. Hereinafter, the xHRPD will be used to
denote such Extended Cell High Rate Packet Data system.

For hybrid satellite/terrestrial networks, xHRPD is
intended to allow a handset to operate with the greater path
losses of long satellite links yet have the same form factor as
a typical smartphone. For M2M, it will improve reliability in
cases of increased building attenuation and more-distant
telemetry devices. Targeted services include 2 kbps VoIP and
low-rate data, down to 640 bps.

The biggest physical-layer change from today’s HRPD is
that the reverse link is channelized in a new, narrowband
manner. The typical 1.25 MHz spread-spectrum bandwidth is
changed to 192 narrowband FDM (Frequency Division
Modulated) channels, each channel 6.4 kHz wide. A terminal
is assigned one or two of these channels. These channels are
orthogonal, reducing intra-cell interference and improving
the link-budget. Narrowband channels reduce search time
and need less link-margin than wide-bandwidth channels.
New coding and reduced overhead improves link efficiency
for small packets. Changes to the MAC (Medium Access
Control) layer also help.

In HPRD, forward link transmission relies on a Channel
Quality Indicator (CQI) sent periodically by the terminal.
xHRPD can send a constant CQI value for a longer period of
time to allow coherent combining of long-delayed, weak CQI
symbols at the access network. This means the data rate does
not change as often on the forward link.
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To accommodate long satellite path delays and large satel-
lite cells, a new narrowband Access Channel uses the Slotted
Aloha protocol. The modified reverse link power-control
channel operates at 50 bps instead of the typical 150 bps.
Hybrid ARQ (HARQ) is disabled in the xHRPD protocol due
to the long path delays.

FIG. 1 shows an exemplary reverse channel structure in
xHRPD, which focuses the changes on the reverse link to
maximize link margin and improve link efficiency for small
packets. In order to maximize the link margin, new lower data
rates are introduced, i.e., 2.4 kbps for Access and 640 bps for
Traffic as a lowest data rate, while the HRPD offers the RL
lowest data rates, i.e., 9.6 kbps for Access and 4.8 kbps for
Traffic. In addition, link efficiency is improved by better
coding schemes and reduced overheads in CRC, tail bits,
header, etc.

Most of changes have effects on the reverse link, but not on
the forward link. Especially, a narrowband reverse link is one
of key features among reverse link changes. This change is
because the xHRPD should operate mostly in a power limited
communication environment because the majority of termi-
nals do not have an enough link margin to take advantage of
wider bandwidth. This narrowness of the reverse link may
suffer from severe intra-cell interference, which requires the
new reverse channel(s) to be robust to interference; thus
resulting in the need for orthogonal reverse channels. On the
other hand, the narrowband reverse link gives some advan-
tages in implementation, such as dramatically reduced time
search space and less stringent requirements on the power and
rate control subsystems.

A Reverse Access Channel refers to the portion of the
Reverse Channel that is used by access terminals to commu-
nicate with the access network when they do not have a traffic
channel assigned. There is a separate Reverse Access Channel
for each sector of the access network.

Since the bandwidth of reverse link is shrunk in xHRPD, a
narrowband access channel could be a natural extension for
HRPD. The narrowband access channel could dramatically
reduce the Pseudo-Noise (PN) search space. For example,
assuming a 1,000 km diameter cell having about a 6 ms round
trip delay variation, then only narrowband symbols exist in
the search space while there are more than 7,000 CDMA
chips for the PN search space in HRPD. Also, use of the
narrowband access channel gives an advantage in link budget
due to lowered transmission power of the access channel.
However, possible collisions could be a severe issue for a
narrowband access channel, which might be overcome by
using a slotted Aloha operation. In order to avoid collisions,
many access channel operation parameters have been updated
and reconfigured. However, only one support rate of the
access channel exists; 2.4 kbps.

Hereinafter, the reverse access channel will be explained in
more detail. The length of an Access Channel physical layer
packet shall be 192 bits. Each Access Channel physical layer
packet shall carry one Access Channel MAC layer packet.
Access Channel physical layer packets shall use the following
format shown in the Table of FIG. 2.

In FIG. 2, the MAC Layer Packet denotes a MAC layer
packet from the Access Channel MAC Protocol and FCS
denotes a Frame Check Sequence. The FCS is sometimes
called a Cyclic Redundancy Check (CRC) sequence in other
technical specifications, which plays a role to give a method
for the receiver to check the correctness of decoded or
demodulated data. Its exemplary format is illustrated in FIG.
3.

The Access Channel is used by the access terminal to
initiate communication with the access network or to respond
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to an access terminal directed message. The Access Channel
consists of a Pilot Channel and a Data Channel. The Access
Channel shall use the same 20 ms frame structure as that of
the Reverse Traffic Channel. All the MAC Channel related
symbols, namely the RRI (Reverse Rate Indicator) and the
CQI (Channel Quality Indicator), shall be replaced by the
pilot symbols.

The Access Channel shall support the (1,4,192) transmit
format, namely a 192-bit data packet transmitted in a 6.4 kHz
channel that lasts four 20 ms frames, which corresponds to 2.4
kbps data rate. Each frame consists of 48 bits and shall be
encoded separately using a rate 4 tail-biting convolutional
code. The coded bits shall be QPSK (Quadrature Phase-Shift
Keying) modulated. F1G. 4 shows a table that summarizes the
modulation and packet format information for the Access
Channel.

An access probe shall consist of a preamble followed by
one or more Access Channel physical layer packets. During
the preamble, all the symbols in a frame shall be pilot sym-
bols. The preamble length is specified by the parameter ‘Pre-
ambleLength’ in units of frames.

The reverse access channel transmits 192 bits using the
same transmission chain as reverse traffic channel, which is
depicted in the FIG. 5. The transmission chains for all reverse
channels are shown, and merely for convenience, the blocks
actually used for reverse access channel are shaded.

Hereinafter, the Pseudo-Noise (PN) quadrature covering
blocks will be explained further. One exemplary generation
structure for a PN sequence is illustrated in FIG. 6. The
depicted upper block is a generator for PNIwhich is a masked
PN sequence for the I (In-phase) branch, while the depicted
lower block is a generator for PNQ which is a masked PN
sequence for the Q (Quadrature-phase) branch. The PNI is a
sequence summed by a 12-bit masking sequence MI and a PN
sequence generated by a polynomial PI(x)=x12+x6+x4+x+1
with initial stated loaded as 1000 0000 0000 (MSB output
first). PNQ is a sequence summed by a 12-bit masking
sequence MQ and a PN sequence generated by a polynomial
PQx)=x12+x9+x3+x2+1 with initial state loaded as 0101
0101 0101 (MSB output first). It should be noted that the
common short PN sequence generator shall be reloaded with
the above initial state at the boundary of every 80 ms (48
slots). The masks MI and MQ shall be set to the lower 12 bits
of the 42-bit user specific long code masks, MI,,,,~ and
MQ a4 (given as public data of the Reverse Traffic Chan-
nel MAC Protocol), respectively. When the lower 12 bits of
the 42 bit long code mask are all “0”’s, the mask shall be set to
one “1” (MSB) followed by eleven “0”’s.

The masks MI, MQ are generated by taking the lower 12
bits out of 42 bit Access Channel long code masks M1 ;5,4
MQ  caz4c- The Access Channel long code masks are
MI, casics MQ ycazsc composed of three parts: a fixed pre-
amble, an Access Cycle Number and a permuted sequence of
color code and LSB of sector ID. The Access Cycle Number
is defined as “SystemTime mod 256 where ‘SystemTime’ is
the CDMA System Time in slot corresponding to slot in
which the first access probe preamble for this access probe is
sent and “mod” indicates a modular operation by the follow-
ing number “256”. The ‘ColorCode’ is given as public data of
Overhead Messages Protocol and corresponds to the sector to
which the access terminal is sending the access probe. The
‘SectorID’ is given as public data of the Overhead Messages
Protocol and corresponds to the sector to which the access
terminal is sending the access probe. The exemplary permu-
tation method is fully described in FIG. 7. The MQ ;1,415 @
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one-bit shift left version of M1 ,,,, except the LSB, which
is generated by exclusive OR summing of various bits shown
in FIG. 7.

To be more specific, the permutation for Ml .y, 1S
defined in Equation 1, the single-bit shift left for MQ ;1,418
explained in Equation 2 and the L.SB generation of MQ ;14
is described in Equation 3. In Equation 3, the €@ symbol
denotes an Exclusive OR operation, and MQ ,ca.,[1] and
MI, car4cli] denote the i-th least significant bit of MQ /4~
and ML, -, respectively.

ColorCodelSectorID[23:0]=(531,530,529.,. . . ,S0)

1. Permuted(ColorCodelSectorID[23:0])=(S0, S31, S22,
S13, S4, S26, S17, S8, S30, S21, S12, 83, S25, S16, S7, S29,
S20, S11, S2, S24, S15, S6, S28, S19, S10, S1, S23, S14, S5,
S27, S18, S9).

[Equation 1]

MO crraclh]=MLicagacth-1], fork=1, ... Al [Equation 2]

MQACMA C[O] :MIACMAC[O] GBMIA CMAC[1 ]®MIACMAC
RIOMLycnra A NPML 1 cagacl SIPMI s caracl 6]
DMLy clO)PMLscaracl151PMLicnrac[16]
DBMLycnracl1TIOMLycnracll 8IPMLycpr4c[20]
69AIIACMA C[zl ]®MIACMAC[24] GBMIA CMAC[25]
DMLycprq C[26}®MIACMAC[3 (H@MIA anacl32]

OMLycarac341PMLicagacl4 [Equation 3]

The masks for PN quadrature covering, MI and MQ, are
generated by taking lower 12 bits of Access Channel long
code masks, M1, ., and MQ , ., respectively. The gen-
eration of PN quadrature covering masks, MI and MQ, are
also illustrated in FIG. 7.

The masks described thus far may cause a problem. Use of
the lower 12-bits of the 42-bit access long code masks
MI, caric and MQ -, results in same access masks for all
access channels belonging to a particular sector. This may
become a problem when two access channels are on adjacent
narrowband channels. The access searcher uses multiple
Doppler hypotheses and it may pick up energy when an
access probe is transmitted on the adjacent narrowband chan-
nel.

To overcome such problem, the MI and MQ masks can be
changed as illustrated in FIGS. 8A-8B and the details are as
follows:

Enhancement 0 of Masks for PN Quadrature Covering: MI
and MQ

To transmit on the Access channel, the 12-bit masks MI and
MQ shall be determined as follows. Bits MI3 to MI0 and
MQ3 to MQO shall be set to the lower 4 bits of assigned
channel number. Bits MI11 to MI4 shall be set equal to the
result of (A23 to A16)YD(A15 to A8)D(AT to A0), where A23
to A0 are lower 24 bits of 42-bit access long code mask
ML, ar4c (given as public data of the Access Channel MAC
Protocol). Similarly, Bits MQ11 to MQ4 shall be set to the
result of (B23 to B16)D(B15 to B8)D(B7 to B0), where B23
to B0 are lower 24 bits of 42-bit access long code mask
MQ , caz4c (given as public data of the Access Channel MAC
Protocol). Here, the €@ symbol denotes an Exclusive OR
operation. If the above operation results in an all-zero mask,
the mask shall be set to one “1” (MSB) followed by eleven
“0s.

A further enhancement to the procedures described above
may be possible.

If two Access Channels are transmitted in the adjacent
channels in one sector and two Access Terminals are moving
at a high speed, the Doppler effect creates interference from
one channel to another channel. Since xHRPD adopts a very
narrow band in the Access Channel, the interference may
cause severe problems. At the speed of 100 miles/hr with a 2
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GHz center frequency, the maximum Doppler drift of trans-
mission frequency is about 296 Hz. However, in the receiver
side, several harmonics based on the max Doppler frequency
are inevitable and could be the most cause of problems. In the
previous example, the 3" harmonics would be 889 Hz and the
5 harmonics would be 1.48 KHz, which may occupy nearly
a quarter of the adjacent Access Channel. Therefore, the
distinction between close or adjacent Access Channels would
be one of the key issues to consider. To differentiate between
Access Channels, the channel number is incorporated in the
PN quadrature covering masks, MI and MQ. If we need more
robustness in the Access Channel, more bits can be allocated
to the object of channel number differentiation. Currently, 4
bits are used for channel number distinction, but we propose
6 bits or 8 bits for channel numbers. These channel number
extensions to 6 bits or 8 bits are illustrated in FIGS. 8A-8B.

Since the number of bits solely reserved for permuted color
code and sector ID decreased to 6 bits or 4 bits, special care
should be taken in design of remaining parts. The simplest
solution is overlay existing color code and sector ID genera-
tion method. This results in an overlap of 2 bits or 4 bits with
minimal change from the existing scheme. In such over-
lapped part, the exclusive OR operation(s) will be used to get
the desired results. Another method is to newly design the
remaining parts by shrinking the color code and sector 1D
parts to 6 bits or 4 bits.

With reference to FIG. 9, two examples for the generation
of MI and MQ for enhancement of extending the number bits
of channel number are shown. To be more specific, the gen-
eration of MI and MQ masks for enhancement of extending
number bits of channel number to 6 is as follows:

Enhancement 1 of Masks for PN Quadrature Covering: MI
and MQ

To transmit on the Access channel, the 12-bit masks MI and
MQ shall be determined as follows. Bits MI5 to MI0 and
MQ5 to MQO shall be preset to the lower 6 bits of assigned
channel number.

Bits MI11 to MI6 shall be set equal to the result of (A23 to
A18)D(A15 to A10)D(AT to A2), where A23 to A2 are lower
22 bits of 42-bit access long code mask MI ., ., (given as
public data of the Access Channel MAC Protocol). Bits MIS
to MI4 shall be further set equal to the result of (A17 to
A16)D(A9 to A8YXD(AL to A0)DMIS to MI4) preset by
channel number, where Al to A0 are lower 2 bits of 42-bit
access long code mask M1,/

Bits MQ11 to MQ#6 shall be set to the result of (B23 to
B18)B(B15 to B10)B(B7 to B2), where B23 to B2 are lower
22 bits of 42-bit access long code mask MQ ;.. (given as
public data of the Access Channel MAC Protocol). Bits MQ5
to MQ4 shall be further set equal to the result of (B17 to
B16)B(B9 to B8)D(B1 to BO)YXD(MQS5 to MQ4) preset by
channel number, where B1 to B0 are lower 2 bits of 42-bit
access long code mask MQ ,cnz4c

Here, the €0 symbol denotes an Exclusive OR operation. If
the above operation results in an all-zero mask, the mask shall
be set to one “1” (MSB) followed by eleven “0’’s.

Another enhancement of extending number bits of channel
number to 8 is as follows:

Enhancement 2 of Masks for PN Quadrature Covering: MI
and MQ

To transmit on the Access channel, the 12-bit masks MI and
MQ shall be determined as follows. Bits MI7 to MI0 and
MQ7 to MQO0 shall be preset to the lower 8 bits of the assigned
channel number.

Bits MI11 to MI8 shall be set equal to the result of (A23 to
A20)D(A15 to A12)DD(AT to Ad), where A23 to A4 are
lower 20 bits of 42-bit access long code mask ML, .,
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(given as public data of the Access Channel MAC Protocol).
Bits MI7 to M14 shall be further set equal to the result of (A19
to A16)D(A11 to A8)D(A3 to AOYD(MIT to MI4) preset by
channel number, where A3 to A0 are lower 4 bits of 42-bit
access long code mask M1,/ 4c-

Bits MQ11 to MQ8 shall be set to the result of (B23 to
B20)B(B15 to B12)B(B7 to B4), where B23 to B4 are lower
20 bits of 42-bit access long code mask MQ ;.. (given as
public data of the Access Channel MAC Protocol). Bits MQ7
to MQ4 shall be further set equal to the result of (B17 to
B16)B(B11 to B8)P(B3 to BO)YXD(MQ7 to MQ4) preset by
channel number, where B3 to B0 are lower 4 bits of 42-bit
access long code mask MQ nzsc

Here, the & symbol denotes an exclusive OR operation. If
the above operation results in an all-zero mask, the mask shall
be set to one “1” (MSB) followed by eleven “0’’s.

As afurther enhancement, the permuted color code and the
sector ID part may be considered, as per FIGS. 10A and 10B.

If the two Access Channels are transmitted in the same
channel in two adjacent sectors and two Access Terminals are
located near each other, the two Access channels could inter-
fere with each other. Since it is highly probable that the two
adjacent sectors have little difference in Sector ID, effects of
the LSB difference in Sector ID on the generations of masks
would be one of the key criterions in mask design. However,
the mask generation in FIGS. 8A and 8B do not reflect the
effect of LSB difference in Sector ID. For example, the first
LSB of Sector ID (S,,) 5 LSB (S,), and 9” L.SB (S,) and are
not counted in the calculations. That is because the calcula-
tion of the upper part 8 bits in the masks MI and MQ, does not
include the MSB 8 bits, from 25% bit S, to 32"/ bit S,,, out of
original long code masks Ml -,/ and MQ a4 The
simple solution to overcome this problem is to add more 8 bits
from the long code masks when performing calculation of the
MSB 8 bits of M1 and MQ, as illustrated in FIGS. 10A-10B.

To be more specific, the generation of MI and MQ is as
follows:

Enhancement 3 of Masks for PN Quadrature Covering: MI
and MQ

To transmit on the Access channel, the 12-bit masks MI and
MQ shall be determined as follows. Bits MI3 to MI0 and
MQ3 to MQO shall be set to the lower 4 bits of the assigned
channel number. Bits MI11 to MI4 shall be set equal to the
result of (A31 to A24)D(A23 to A16)D(A23 to A16)D(A15
to A8YB(AT to A0), where A31 to A0 are lower 32 bits of
42-bit access long code mask MIACMAC (given as public
data of the Access Channel MAC Protocol). Similarly, Bits
MQ11 to MQ4 shall be set to the result of (B31 to B24)d(B23
to B16)D(B15 to B8)(B7 to BO), where B31 to B0 are lower
32 bits of 42-bit access long code mask MQACMAC (given
as public data of the Access Channel MAC Protocol). Here,
the € symbol means an exclusive OR operation. If the above
operation results in all zero mask, the mask shall be set to one
“1” (MSB) followed by eleven “0”’s. The changed parts in
comparison to FIGS. 8A-8B are underlined in the above
description (i.e. (A31 to A24) and (B31 to B24)).

In FIGS. 10A-10B, special care should be taken in inter-
pretation of MQ design, because the original long code mask
MQ ,caz4c 18 @ one-bit shift left version of the M1, To
take into consideration all the omitted bits from Sector ID, the
9 bits from the 25% bit S, to the 33"“bit S, out of the original
long code mask MQ ;.4 should be incorporated into the
calculation of the MQ mask. It should be noted that the 5% bit
of MQ (MQ4) in FIGS. 10A-10B is nothing but a combina-
tion of several bits of the MQ 4,4, Which are already con-
sidered in other bits and irrespective of the LSB of sector ID
(Sp)- In addition, it should be also noted that the L.SB of sector
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ID (S,) is never considered in the design of MQ in FIGS.
10A-10B. To improve the MQ design even more, it is pro-
posed to incorporate the 33 bit S, out of the original long
code mask MQ ., into the 5% bit of MQ (M,). This is
because the 57 bit of the MQ (M,,) is could be omitted without
having harmful effects on the other bits. To be more specific,
the generation of MI and MQ is as follows:

Enhancement 4 of Masks for PN Quadrature Covering: MI
and MQ

To transmit on the Access channel, the 12-bit masks MI and
MQ shall be determined as follows. Bits MI3 to MI0 and
MQ3 to MQO shall be set to the lower 4 bits of the assigned
channel number. Bits MI11 to MI4 shall be set equal to the
result of (A31 to A24)D(A23 to A16)D(A15 to A8)YD(AT to
A0), where A31 to A0 are lower 32 bits of the 42-bit access
long code mask M1, ., (given as public data of the Access
Channel MAC Protocol). Similarly, Bits MQ11 to MQ4 shall
be set to the result of (B31 to B24)B(B23 to B16)P(B15 to
B8)D(B7 to B1, B32), where B32 to B1 are the lower 32 bits
of the 42-bit access long code mask MQ 1.4 (given as
public data of the Access Channel MAC Protocol) and B32 is
located at the LSB. Here, the b symbol denotes an exclusive
OR operation. If the above operation results in an all-zero
mask, the mask shall be set to one “1” (MSB) followed by
eleven “0”’s.

The changed parts compared to FIGS. 8 A-8B are under-
lined in the above description (i.e. (A31 to A24) and (B31 to
B24) and (B7 to B1, B32)). The final version is illustrated in
FIG. 11A-11B.

Two types of additional enhancements can be combined
and used altogether. For example, either enhancement 1 or
enhancement 2 can be applied together either enhancement 3
or enhancement 4. Many other combinations or sub-combi-
nations would also be possible without any restrictions.

The present inventors recognized that the techniques for
generating MI and MQ masks could be improved. It is impor-
tant to note that such problem recognition was based upon
concentrated investigation, rigorous simulations, and experi-
mental testing conducted by the present inventors. As a result,
the present inventors have found that an MI mask and an MQ
mask for PN quadrature covering can be generated by using
certain bits of an assigned channel number for the access
channel and by performing exclusive OR operations on cer-
tain bits of the received access long code mask MI,,,,~and
the received access long code mask MQ ;... In particular,
the concept of using certain bits of an assigned channel num-
ber and by performing exclusive OR operations on certain
bits of the received access long code masks MI,,,,~ and
MQ a4 have never been provided or suggested in any
known method prior to the work done by the present inventors
as described in this disclosure and in the priority document
disclosures.

To sum up, the various inventive concepts and features of
the present disclosure can be described in the following man-
ner.

FIG. 12 shows an exemplary signal flow and procedures
between a handset and network that can implement the
embodiments described herein. Here, handset 1201 receives
access long code masks MI ., and MQ 1., from net-
work 1203 (step 122). Handset 1201 generates MI, MQ
masks from bits of assigned channel number by performing
exclusive OR operations on bits of access long code masks
MI, casicand MQ -, ., (step 124). Handset 1201 then trans-
mits signals using the generated MI, MQ masks to network
1203 (step 116).

The exemplary embodiments described herein provide a
method of performing Pseudo-Noise (PN) quadrature cover-
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ing for transmitting data via an access channel, the method
comprising: receiving an access long code mask MI,
and an access long code mask MQ , -, from an upper layer,
said access long code mask MI,,,,~ and said access long
code mask MQ ., being defined in a reverse traffic chan-
nel Medium Access Control (MAC) protocol; generating an
MI mask and an MQ mask for PN quadrature covering by
using certain bits of an assigned channel number for the
access channel and by performing exclusive OR operations
on certain bits of the received access long code mask
ML, 304 and performing exclusive OR operations on certain
bits of the received access long code mask MQ 5,4 said MI
mask being a masking sequence for an In-phase (I) branch of
a Quadrature Phase-Shift Keying (QPSK) modulation for the
access channel and said MQ mask being a masking sequence
for a Quadrature-phase (Q) branch of the QPSK modulation
for the access channel; and transmitting signals via the access
channel based on the generated MI mask and the generated
MQ mask.

Additionally, the access long code mask M1, -, and the
access long code mask MQ -, are respectively 42 bits in
length. The generated MI mask and the generated MQ mask
are respectively 12 bits in length, and the MI mask having
MI11 to MI0, where MI11 indicates the 12th bit of the MI
mask and MIO indicates the 1st bit of the MI mask, and the
MQ mask having MQ11 to MQO, where MQ11 indicates the
12th bit of the MQ mask and MQO indicates the 1st bit of the
MQ mask.

The generating step further comprises: setting MI3 to MI10
of'a MI mask and MQ3 to MQO of a MQ mask to the lower 4
bits of the assigned channel number, wherein the MI mask
and the MQ mask are respectively comprised of 12 bits and
used for PN quadrature covering.

The generating step further comprises: setting MI11 to
MI4 of the MI mask to be equal to the result of (A31 to
A24)D(A23 to A16)D(A15 to A8)YD(AT to A0), where A31
to A0 are lower 32 bits of the 42-bit access long code mask
ML, car4c, and where (A31 to A24) is an 8-bit sequence start-
ing from the 32nd bit to the 25th bit of the M1, 5,4

The generating step further comprises: setting MQ11 to
MQ4 of the MQ mask to be equal to the result of (B31 to
B24)dB(B23 to B16)P(B15 to B8)D(B7 to B1, B32), where
B31 to B0 are lower 32 bits of the 42-bit access long code
mask MQ 1,40, Where B32 is the 33rd bit of the MQ o405
where (B31 to B24) is an 8-bit sequence starting from the
32nd bit to the 25th bit of the MQ 4, Wherein (B7 to B1,
B32) comprises an 8-bit sequence having the first 7 bits filled
with the 8th bit to the 2nd bit of the MQ ;. and the last bit
filled with the 33rd bit of the MQ 3,4

Also, with reference to FIG. 13, the present disclosure also
provides an apparatus (e.g., device having appropriate hard-
ware components such as a processing unit, controller, CPU,
microprocessor(s), memory or storage, etc. that access and
execute corresponding software code) that is able to imple-
ment and carry out the above-described method. Specifically,
a handset 1301 may include a receiver 1311, generator 1321
and a transmitter 1331. Also, a network device 1303 may
include a receiver 1313, generator 1323 and a transmitter
1333.

The exemplary embodiments described herein provide an
apparatus to perform Pseudo-Noise (PN) quadrature covering
for transmitting data via an access channel, the apparatus
comprising: a receiver that receives an access long code mask
MI, ar4c and an access long code mask MQ -y, from an
upper layer, said access long code mask MI ., and said
access long code mask MQ ., being defined in a reverse
traffic channel Medium Access Control (MAC) protocol; a
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generator that generates an MI mask and an MQ mask for PN
quadrature covering by using certain bits of an assigned chan-
nel number for the access channel and by performing exclu-
sive OR operations on certain bits of the received access long
code mask Ml ,,,,~ and performing exclusive OR opera-
tions on certain bits of the received access long code mask
MQ ,car4c> said MI mask being a masking sequence for an
In-phase (I) branch of a Quadrature Phase-Shift Keying
(QPSK) modulation for the access channel and said MQ mask
being a masking sequence for a Quadrature-phase (Q) branch
of'the QPSK modulation for the access channel; and a trans-
mitter that transmitting signals via the access channel based
on the generated MI mask and the generated MQ mask.

Additionally, the access long code mask M1, ,,~and the
access long code mask MQ ., are respectively 42 bits in
length.

The generated MI mask and the generated MQ mask are
respectively 12 bits in length, and the MI mask having MI11
to MI0, where MI11 indicates the 12th bit of the MI mask and
MI0 indicates the 1st bit of the MI mask, and the MQ mask
having MQ11 to MQO0, where MQ11 indicates the 12th bit of
the MQ mask and MQO indicates the 1st bit of the MQ mask.

The generator further performs the generating step by:
setting M13 to MI0 of a MI mask and MQ3 to MQO0 of a MQ
mask to the lower 4 bits of the assigned channel number,
wherein the MI mask and the MQ mask are respectively
comprised of 12 bits and used for PN quadrature covering.

The generator further performs the generating step by:
setting MI11 to MI4 of the MI mask to be equal to the result
of (A31 to A24)D(A23 to A16)D(A15 to A8)D(AT to AD),
where A31 to A0 are lower 32 bits of the 42-bit access long
code mask MI,,,,-» and where (A31 to A24) is an 8-bit
sequence starting from the 32nd bit to the 25th bit of the
ML, cazsc-

The generator further performs the generating step by:
setting MQ11 to MQ4 ofthe MQ mask to be equal to the result
of (B31 to B24)®(B23 to B16)(B15 to B8)P(B7 to Bl,
B32), where B31 to B0 are lower 32 bits of the 42-bit access
long code mask MQ 1,4, Where B32 is the 33rd bit of the
MQ ,caz4c- Where (B31 to B24) is an 8-bit sequence starting
from the 32nd bit to the 25th bit of the MQ 4> Wherein
(B7 to B1, B32) comprises an 8-bit sequence having the first
7 bits filled with the 8th bit to the 2nd bit of the MQ ;.. and
the last bit filled with the 33rd bit of the MQ ,az4c-

The various features and concepts described herein may be
implemented in software, hardware, or a combination
thereof. For example, a computer program (that is executed
by a processor, controller, CPU, etc. in a computer, a mobile
terminal and/or a network device) that implements a method
and apparatus for generating an MI mask and an MQ mask for
PN quadrature covering by using certain bits of an assigned
channel number for the access channel and by performing
exclusive OR operations on certain bits of the received access
long code mask MI , -, ,,~ and the received access long code
mask MQ ., may be comprised of one or more program
code sections or modules for performing various tasks. Simi-
larly, a software tool (that is executed by a processor, control-
ler, CPU, etc. in a computer, a mobile terminal and/or a
network device) for a method and apparatus for generating
such MI and MQ masks may comprise program code sections
or modules that are executed by a processor (or other control-
ler such as a CPU) for performing various tasks.

The method and apparatus for generating such MI and MQ
masks are compatible with various types of technologies and
standards. Certain concepts described herein are related to
particular standards, such as 3GPP (LTE, LTE-Advanced,
etc.), IEEE, 4G, GSM, WCDMA, and the like. However, it
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can be understood that the above exemplary standards are not
intended to be limited, as other related standards and tech-
nologies would also be applicable to the various features and
concepts described herein.

INDUSTRIAL APPLICABILITY

The features and concepts herein are applicable to and can
be implemented in various types of user devices (e.g., mobile
terminals, handsets, wireless communication devices, etc.)
and/or network devices, entities, components, etc. that can be
configured to support the generating an MI mask and an MQ
mask for PN quadrature covering by using certain bits of an
assigned channel number for the access channel and by per-
forming exclusive OR operations on certain bits of the
received access long code mask MI,,,, and the received
access long code mask MQ nzsc

As the various concepts and features described herein may
be embodied in several forms without departing from the
characteristics thereof, it should also be understood that the
above-described embodiments are not limited by any of the
details of the foregoing description, unless otherwise speci-
fied, but rather should be construed broadly within its scope as
defined in the appended claims. Therefore, all changes and
modifications that fall within such scope or equivalents
thereof are therefore intended to be embraced by the
appended claims.

The invention claimed is:

1. A method for receiving Pseudo-Noise (PN) quadrature
covering data via an access channel by an access network, the
method comprising:

transmitting an access long code mask Ml ,,,,~ and an

access long code mask MQ -, to an access terminal;
and

receiving the data covered with a PNI sequence and a PNQ

sequence from the access terminal,

wherein the M1, ,,~ and the MQ ., are related with

an Access channel Medium Access Control (MAC) pro-
tocol,
wherein the PNI is a sequence generating by the access
terminal summed by a MI mask and a PN sequence
generated by a polynomial PI(x)=x'?+x%+x*+x+1 for an
In-phase branch of a Quadrature Phase Shift Keying
(QPSK) and the PNQ is a sequence generating by the
access terminal summed by a MQ mask and a PN
sequence generated by a polynomial PQ(x)=x"*+x"+
x>+x7+1 for a Quadrature-phase branch of a Quadrature
Phase Shift Keying (QPSK),

wherein the MI mask are a mask sequence generating by
the access terminal for the In-phase branch of the
Quadrature Phase Shift Keying (QPSK) symbol of the
access channel and the MQ mask are a mask sequence
generating by the access terminal for the Quadrature-
phase branch of the QPSK symbol of the access channel,

wherein MI3 to MI0 of the MI mask and MQ3 to MQO of
the MQ mask are set to the lower 4 bits of an assigned
channel number,

wherein MI11 to M4 of the MI mask are set to be equal to

the result of (A31 to A24) D(A23 to A16) B(A15 to A8)
D(AT7 to A0), where A31 to A0 are lower 32 bits of the
MI, carzsc Where (A31 to A24) is an 8-bit sequence
starting from the 32nd bit to the 25th bit of the M1, 14
wherein MQ11 to MQ4 of the MQ mask are set to be equal
to the result of (B31 to B24) B(B23 to B16) B(B15 to
B8) B(B7 to B1, B32), where B31 to B0 are lower 32
bits of the MQ /4> Where B32 is the 33rd bit of the
MQ ,caz4c, Where (B31 to B24) is an 8-bit sequence

20

35

40

45

50

65

12

starting from the 32nd bit to the 25th bit of the
MQ ,caz4c> Wherein (B7 to B1, B32) comprises an 8-bit
sequence having the first 7 bits filled with the 8th bit to
the 2nd bit ofthe MQ , .4~ and the last bit filled with the
33rd bit of the MQ 540, and

wherein € denotes exclusive OR operation.

2. The method of claim 1, wherein the access long code
mask MI ,,,,-and the access long code mask MQ .., are
respectively 42 bits in length.

3. The method of claim 2, wherein the MI mask and the MQ
mask are respectively 12 bits in length, and the MI mask
having MI11 to MI0, where MI11 indicates the 12th bit of the
MI mask and MI0 indicates the 1st bit of the M1 mask, and the
MQ mask having MQ11 to MQO, where MQ11 indicates the
12th bit of the MQ mask and MQO indicates the 1st bit of the
MQ mask.

4. An apparatus to receive Pseudo-Noise (PN) quadrature
covering data via an access channel from an access terminal,
the apparatus comprising:

a transmitter that transmits an access long code mask
MI , ar4cand an access long code mask MQ /4~ t0 an
access terminal; and

a receiver that receives the data covered with a PNI
sequence and a PNQ sequence from the access terminal,

wherein the MI,,,,~ and the MQ ,,,, are related with
an Access channel Medium Access Control (MAC) pro-
tocol,

wherein the PNI is a sequence generating by the access
terminal summed by a MI mask and a PN sequence
generated by a polynomial PI(x)=x'?4+x%+x*+x+1 for an
In-phase branch of a Quadrature Phase Shift Keying
(QPSK) and the PNQ is a sequence generating by the
access terminal summed by a MQ mask and a PN
sequence generated by a polynomial PQ(x)=x"*+x"+
x> +x7+1 for a Quadrature-phase branch of a Quadrature
Phase Shift Keying (QPSK),

wherein the MI mask are a mask sequence generating by
the access terminal for the In-phase branch of the
Quadrature Phase Shift Keying (QPSK) symbol of the
access channel and the MQ mask are a mask sequence
generating by the access terminal for the Quadrature-
phase branch ofthe QPSK symbol of the access channel,

wherein MI3 to MI0 of the MI mask and MQ3 to MQO of
the MQ mask are set to the lower 4 bits of an assigned
channel number,

wherein MI11 to MI4 of the MI mask are set to be equal to
the result of (A31 to A24) D(A23 to A16) B(A15 to A8)
D(A7 to A0), where A31 to A0 are lower 32 bits of the
MI 240, Where (A31 to A24) is an 8-bit sequence
starting from the 32nd bit to the 25th bit of the M1, -4

wherein MQ11 to MQ4 of the MQ mask are set to be equal
to the result of (B31 to B24) ©(B23 to B16) B(B15 to
B8) B(B7 to B1, B32), where B31 to B0 are lower 32
bits of the MQ ,s,.» Where B32 is the 33rd bit of the
MQ ,caz4c, Where (B31 to B24) is an 8-bit sequence
starting from the 32nd bit to the 25th bit of the
MQ ,cazac, Wherein (B7 to B1, B32) comprises an 8-bit
sequence having the first 7 bits filled with the 8th bit to
the 2nd bit ofthe MQ , .4~ and the last bit filled with the
33rd bit of the MQ 540, and

wherein € denotes exclusive OR operation.

5. The apparatus of claim 4, wherein the access long code
mask MI .., and the access long code mask MQ , ., are
respectively 42 bits in length.

6. The apparatus of claim 5, wherein the MI mask and the
MQ mask are respectively 12 bits in length, and the MI mask
having MI11 to MI0, where MI11 indicates the 12th bit of the
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MI mask and MI0 indicates the 1st bit of the M1 mask, and the
MQ mask having MQ11 to MQO, where MQ11 indicates the
12th bit of the MQ mask and MQO indicates the 1st bit of the
MQ mask.



